The research study was carried out with the aim of analyzing the energy cost saving achieved by substituting heavy fuel oil with alternative fuel for a pozzolana dryer. This was carried out on an existing dryer where data from reports for previous years on energy requirements, that is, heavy fuel oil cost and usage was collected. An auxiliary system to handle biomass was designed and fabricated. Further a projected substitution scenario was determined through the use of excel worksheet which was set as the benchmark of evaluation on the expectations of the actual substitution. Comparison of fuel composition and cost of both actual and projected substitution scenarios was carried out. Further an economic analysis was carried out to establish the viability of the project. From the study findings of both the projected and actual substitution, the cost of energy was reducing with an increase in alternative fuel substitution with coefficients of correlation (R 2 ) of 1 and 0.5422 respectively. Again the projected and actual savings were increasing with an increase in alternative fuel substitution with coefficients of correlation (R 2 ) of 1 and 0.6288 respectively. From the economic analysis, the cost benefit analysis gave a positive net present value of 67,409,041. IRR was 4.10 %, simple payback period was 12 days and return on investment was 29.72%. Using these four techniques of capital budgeting, the investment was worthwhile to undertake. Further on economic analysis substitution effect was carried out. On the substitution effect, there was gradual cost drop of the energy used to dry pozzolana from 357491491 Kenya shillings with increasing percentage alternative fuel substituted to 106,269975 Kenya shillings when heavy fuel oil is completely substituted by alternative fuel. From the study, the high and fluctuating cost of heavy fuel oil used in pozzolana drying can be achieved through substitution with alternative fuel.
Introduction
There has been overreliance on fossil fuels in many manufacturing industries over the years. This has led to evident increase of cost of fuel and increasing production cost. The cost increase is caused by hidden costs which are not paid for by the companies that produce and sell energy but are passed on to the consumers of the energy. These costs include climate change adaptation costs, climate change damage costs, and fossil fuel dependence costs. These costs are indirect and difficult to determine, therefore they have traditionally remained external to the energy pricing system, and are thus often referred to as externalities. Hence the overreliance on fossil fuels results in damage to human health, the environment, and the economy. (www.ucsusa.org, 19.09.2013) . Again the fossil fuels being relied on for industrial energy supply will most probably be depleted within a few hundred years.
With the growing realization of the impact of fossil fuels on global warming, there is a renewed interest in the utilization of biomass as a renewable and carbon-neutral energy source. The use of biomass and waste fuels is a growing area based on sound economic and environmental benefits. Biomass fuel-switching is possible, achievable and beneficial to the environment and companies that are willing to embrace it. Once implemented, companies can also benefit from the generation of carbon credits through the Clean Development Mechanism (United Nations Development Programme, 2009).
The production of cement is also an energy-intensive process. The typical energy consumption of a modern cement plant is about 110-120 kWh per ton of produced cement (Alsop, 2001 ). The energy consumption in the cement mills contributes roughly 50 kg CO2emissions per tonne to the overall greenhouse gas emissions of the industry (MIT -Research, 2011) . The most energy-consuming cement manufacturing process is finish grinding drawing on average 40% of the total energy required to produce a ton of cement (Alsop, 2001 ).
The cement manufacturing industry is therefore under increasing pressure to reduce emissions. Cement manufacturing releases a lot of emissions such as carbon dioxide (CO2) and nitrogen oxide (NOx). It is estimated that 5 percent of global carbon dioxide emissions originate from cement production (Hendriks, et al, 1998) . The use of alternative fuels in cement manufacturing, therefore do not only afford considerable energy cost reduction, but they also have significant ecological benefits of conserving non-renewable resources, the reduction of waste disposal requirements and reduction of emissions. Use of low-grade alternative fuels in some kiln systems reduces NOx emissions due to re-burn reactions. There is an increased net global reduction in CO2 emissions when waste is combusted in the cement kiln systems as opposed to dedicated incinerators.
Pozzolana is one of the main components of pozzolanic cement accounting for 35% of the mass of cement. This pozzolana has to be dried before inter-grinding with clinker in order to maintain cement to clinker ratio and to maintain higher grinding efficiency. The drying process uses a couple of dryers which are traditionally equipped with hot gas generators (HGG) fired by either diesel oil or heavy fuel oil (HFO). This increases the energy per tonne of cement produced. This is due to the energy required to reduce the moisture content to about two to three percent. However heavy fuel oil is facing high and fluctuating cost and the price gap between the fossil fuels in use today to dry pozzolana and the possible price of the biomass is in the range 8 -10€/GJ (Bamburi Cement Annual Report, 2012) . Therefore, there is a clear interest to study the possibility of converting the existing HGGs to use biomass in order to reduce cost of fuel for drying pozzolana and dependence on and the use of fossil fuels. Currently the use of biomass instead of fossil fuel is gaining acceptance as a cost effective form of renewable energy. Beside the lower costs, biomass fuel results in lower emissions and residues.
According to Kurchania et al.(2006) , biomass energy or ''bio-energy'' includes any solid, liquid or gaseous fuel, or any electric power or useful chemical product derived from organic matter, whether directly from plants or indirectly from plant-derived industrial, commercial or urban wastes, or agricultural and forestry residues. Thus bio-energy can be derived from a wide range of raw materials and produced in a variety of ways. Because of the wide range of potential feed stocks and the variety of technologies to produce them and process them, bio-energy is usually considered as a series of many different feedstock/technology combinations.
Previous studies carried out to address this concern have aimed at reducing CO 2 emission by substitution and focused on price elasticity of the inter-fuel substitution using mathematical models. The previous studies have used data obtained from entire production process involved in cement manufacturing industries. This however faces the challenge of generalization given that the different operational areas of the manufacturing system for cement are likely to have different energy consumption patterns and requirements. There is however a need to apply the lessons learned from the studies using the mathematical models to study the inter-fuel substitution in specific operational areas of the cement manufacturing sectors that consume large quantities of fossil fuels and observe the behavior of the different processes. Such an observation can be done when an experiment is designed to assess the variation in energy cost behavior at different levels when the fossil fuels are substituted with alternative fuels. At the cement grinding stage of the process, it is possible to carry out this substitution since pozzolana drying falls in this category of sectors that consumes large quantities of fossil fuels. The stage is also recognized as an important source of CO2emissions.
Substantial potential for energy efficiency improvement exists in the pozzolana drying. a portion of this potential can be achieved as part of modification and expansion of existing facilities. At Bamburi Cement Limited Nairobi grinding plant, an opportunity exists where pozzolana dryer can be modified to accommodate biomass for substitution. This is because biomass is the most cost-effective and practical and therefore offers the most realistic and sustainable energy strategy. This study analyses the energy cost savings by substituting heavy fuel oil with biomass for a pozzolana dryer in order to achieve sustainable energy strategy by improving the existing dryer to accommodate the use of alternative fuels.
Materials and Methods

Description of the Experiment Site
The dryer to be studied is at the Nairobi Grinding Plant (NGP) in Athi-river about 26km from Nairobi along the old Mombasa road and next to the Namanga junction. This plant is part of the Bamburi Cement Company which belongs to the Lafarge Group (the world largest manufacturer of building materials). On average the plant produces 100000 tonnes of cement consuming about 150 000 litres of HFO per month. The HFO is used in drying pozzolana before inter-grinding with the clinker. Figure 1 below shows the cement drying process. The existing pozzolana dryer installation basically consists of HGG fired with HFO and waste oil drum dryer, filter and exhaust fan. HFO is transferred to the air-fuel mixing chamber of the burner. LPG is also introduced in the mixing chamber to improve the ignition of the fuel. Atomizing compressed air at 31°C is introduced to the atomizing unit where it meets primary and secondary air. Atomized air and fuel then mix and ignition and combustion take place while flue gases are generated. The dryer slopes slightly so that the discharge end is lower than the material feed end in order to convey the material through the dryer under gravity. Material to be dried enters the dryer, and as the dryer rotates, the material is lifted up by a series of internal fins lining the inner wall of the dryer. When the material gets high enough to roll back off the fins, it falls back down to the bottom of the dryer, passing through the hot gas stream as it falls. This gas stream is moving towards the discharge end from the feed end (known as co-current flow) by help of a suction fan. The gas stream is made up of a mixture of air and combustion gases from a burner, in which case the dryer is called a direct heated dryer. Wet gypsum and pozzolana are dried then conveyed through conveyor and elevator system to their storage silos. Description of the Pilot Auxiliary System to Handle Biomass An auxiliary system was designed and fabricated to handle and deliver the AF fuel. It consisted of a blower run by a 30kW motor, venturi, and rotary feeder run by a 20kW motor, a hopper of 2 tonne capacity and piping system with a diameter of 150mm to the burner. The blower through centrifugal force propels air forward giving it some velocity. When the air reaches the venturi there is a pressure drop and increase of velocity of the air. At the same time rice husks flow down the hopper and discharged through the rotary feeder. They are then blown though the piping system into the burner where they are mixed with HFO. The rice husks are introduced at various percentages of substitution and data. The line presentation of the auxiliary system is as shown in figure 2
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Figure 2: Auxiliary System
2.4
Data Acquisition Data was collected for a period of 20 days where GJ of HFO and AF used for a number of hours of running the dryer for different percentages of substitution were obtained. This data was analyzed to get the total cost of HFO, AF and energy per year which was presented inform of graphs. Again a projected substitution scenario was carried out for the purposes of comparison and drawing of conclusion on the viability of this project. The projected substitution scenarios were calculated using excel program and tabulated as shown below. 
Projected Substitution Scenario Analysis
Projected and Actual Total Energy Cost per Year
Figure 3: Projected and Actual Total Energy Cost per Year
From the projected substitution scenario in table 1 and figure 3 the total energy cost was decreasing with an increase in AF substitution. This is because AF costs are lower than HFO and therefore energy mix cost cheaper than when only HFO is used. The relationship of total energy cost against percentage substitution is linear given by: y = -3×10 The degree of correlation of the total energy cost of energy and percentage AF substitution indicated by R 2 was 1 because this was an ideal scenario giving a perfect relation. On the other hand of actual substitution scenario the total energy cost per year was also decreasing with an increase in percentage AF substitution as shown in table 2 and figure 3. This was because the energy mix used was cheaper as opposed to using only HFO for drying. There was a fairly strong correlation of the total energy cost of energy and percentage AF substitution (6) The correlation coefficient of R 2 = 1 because this situation was a perfect scenario. The cost of HFO cost was decreasing because the cost of the energy mix was lower than the cost of using HFO only in the dryer. 
The coefficient of correlation R 2 was 1 because the scenario was ideal. The slope graph was increasing because more AF fuel was used as the percentage AF substitution increased.
From Table 2 and figure 5, the actual cost of AF per year was increasing with an increase in percentage AF substitution. This is because more AF was used with increasing percentage substitution. From figure 4.5, there was a strong linear correlation between actual cost of AF and percentage AF substitution with R² = 0.9645. However the curve was not smooth because substitution was real and therefore affected by the operating conditions of the system. The relationship of the actual substitution was expressed by a linear trend line of: y = 2×10 
3.7
Economic Analysis 3.7.1 Cost Benefit Analysis The cost of installing the pilot project was as indicated in table 3 Total fuel handling cost
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The maintenance cost was assumed to be at 5% in the first and second year, doubling in the third year and three times in the fourth and fifth year of the initial maintenance cost. The discounting rate was at 10%. Benefits per year 0.00 22, 861, 157.98 20, 851, 385.85 18, 841, 613.72 17, 083, 656, 392.00 21, 177, 381.34 19, 157, 681.21 17, 168, 429.72 15, 566, 656, 392.00 15, 520, 989.34 34, 678, 670.56 51, 847, 100.28 67, 413, 143.23 NPV KES 67, 409, 040.84 IRR 4.10 This analysis was done to come up with the total costs incurred in the projects and the benefits to be gained from the implementation of the project to establish if the substitution was worthwhile. The analysis was done at a 10% alternative fuel substitution.Net present value and internal rate of return were calculated in order to take into account the time value of money. This was done using the excel program. NPV is normally calculated as:
Where I's= cash flow for each year The subscript = year number r = the discount rate. 
The cash flows were discounted at 10 percent in order to cater for the risks associated with the project. From the analysis a positive net present value of 67,409,040.84 was realised which was an indicator that the substitution was worthwhile. IRR was calculated to be 4.10 %. This was the discount rate often that made the net present value of all cash flows from the substitution project equal to zero. The internal rate of return was a rate quantity which was an indicator of the efficiency, quality and yield of an investment.
Effect of Substitution
Projected substitution data was used to establish the effect of substitution. A graph of total energy cost and cost of using HFO only were plotted against % AF substitution to establish the effect of substitution. 
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Figure 7: Substitution Effect
The substitution effect measures how much higher price encourages consumers to use other goods, assuming the same level of income. Table 6 Figure 7 substitution effect, shows a gradual cost drop of the energy used to dry pozzolana from 357491491.33 Kenya shillings with increasing percentage AF substituted to 106,269975.03 Kenya shillings when HFO is completely substituted by AF. This effect is caused by the relatively high cost of HFO that induces the use of more of a relatively lower priced energy i.e. AF and less on high priced HFO. This is due the rise the cost of fossil fuels. This is a positive scenario in economics, but the degree of substitution can only be justified by the availability of AF to completely substitute HFO and the efficiency of the dryer to run on AF alone. This is an area for further research to determine the efficiency of the dryer in relation to the percentage substitution with HFO.
Operational Expenditure Analysis
Both simple payback period and return on investment were carried out to determine the viability of the investment. The analysis was carried out using the pilot substitution scenario with annual savings at 9.55% AF fuel substitution. 
=29.72%
From the operational expenditure analysis simple payback period was 12 days and return on investment was 29.72%. The short payback period and high return on investment indicate that this project is of high yielding benefit to the investor. From the four capital budgeting techniques i.e. NPV, IRR, Simple payback period and ROI the investment was worthwhile to undertake.
Conclusion
From the findings reported in this study regarding the substitution of HFO with biomass in a pozzolana dryer, it can be concluded that Substitution led to a reduction of the cost of energy used and therefore savings, increased with the increase of percentage substitution. Secondly, using the four techniques of capital budgeting, i.e. NPV, IRR, Simple payback period and ROI the investment was worthwhile to undertake. Researchers need to investigate further and determine the efficiency of the dryer in relation to the percentage substitution with HFO to determine the maximum efficiency. Future research can expand on substitution in relation on capital and labour employed and establish the percent savings per unit of cement produced.
